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!+C! e! <\GQ-%D+S+$C! *+D! G$+)N%+D! [(DD%<+D/! %<! [,-C! =($D(SS+)! S(%$D! *\G$+)N%+! +C! -C%<%D+)! *+D!
D(-)=+D! [,%I<+S+$C! GS+CC)%=+D! *+! ?`1>! J+D! G$+)N%+D! )+$(-&+<,I<+D/! $(C,SS+$C! D(<,%)+D/!
)+Q)GD+$C+$C! -$! N%D+S+$C! %$CG)+DD,$C! *\G$+)N%+! Q,-&)+! +$! =,)I($+>! ?+Q+$*,$C! <+-)!
%$C+)S%CC+$=+!%SQ(D+!-$+!S+%<<+-)+!,$C%=%Q,C%($!*+D!I+D(%$D!+C!<,!S%D+!+$!Q<,=+!*\-$!DXDC^S+!
*+! DC(=W,N+>! ;(-C! *\,I()*/! $(-D! ),QQ+<($D! <,! Q<,=+! *-! DC(=W,N+! Q,)! ,*D()QC%($! Q,)S%! <+D!
*%[[G)+$CD! DXDC^S+D! Q-%D! $(-D! ]-DC%[%($D! <+! =F(%.! *-! =(-Q<+! ,*D()I,$C7,*D()I,C>! L$D-%C+/! -$!
S(*^<+!I%*%S+$D%($$+<!*+D! C),$D[+)CD!=(-Q<GD!*+!=F,<+-)!+C!*+!S,DD+!D-)&+$,$C!,-!=(-)D!*-!
DC(=W,N+! *\G$+)N%+! *,$D! <\,*D()I+-)! *\-$! DXDC^S+! %$CGN),I<+! ,-! D+%$! *\-$! IaC%S+$C! +DC!
*G&+<(QQG>!L$[%$/!<,!KG=(SQ(D%C%($!`)CF(N($,<+!,-.!&,<+-)D!E)(Q)+D!PE`KV/!+DC!-C%<%DG+!Q(-)!
+$&%D,N+)!*+!)G*-%)+!<,!C,%<<+!*-!S(*^<+!*G&+<(QQG!+C!*\+$![,=%<%C+)!<,!D%S-<,C%($>!
2. Sélection du type de stockage  
Af%<! +.%DC+! -$! N),$*! $(SI)+! *+! S(*+D! *+! DC(=W,N+! P=[>! [%N-)+! "V/! <+! DC(=W,N+!
CF+)S(=F%S%T-+!Q,)!D()QC%($!Q)GD+$C+!<+D!=,),=CG)%DC%T-+D!)+T-%D+D!=($=+)$,$C!<+D!N,SS+D!*+!
C+SQG),C-)+D!+C!*+!)G&+)D%I%<%CG!Q(-)!-$+!,QQ<%=,C%($!,-.!IaC%S+$CD>!'%+$!T-f%<!D(%C!<GN^)+S+$C!
S(%$D! Q+)[()S,$C! +$! C+)S+D! *+! *+$D%CG! G$+)NGC%T-+! T-+! <+! DC(=W,N+! =F%S%T-+/! %<! +DC!
=(SQ,C%I<+! ,&+=! <+D! C+SQG),C-)+D! Q)(*-%C+D! e! Q,)C%)! *+! <fG$+)N%+! D(<,%)+! PPO* Q* %%OR2! F()D!









FXN%^$+/! DG=-)%CG! +C! +$&%)($$+S+$C! T-\G=($(S%T-+! +C! Q),C%T-+>! K+! $(SI)+-.! ,*D()I,$CD!
,DD(=%GD! e! <\+,-! D($C! e! *%DQ(D%C%($/! <+-)D! =,),=CG)%DC%T-+D! Q)%$=%Q,<+D! D($C! Q)GD+$CG+D! *,$D! <+!
C,I<+,-! ">! J+D! D%<%=+D! SGD(Q()+-D+D! ()N,$%DG+D! +C! <+D! S+C,<7()N,$%=! [),S+j()WD! ($C! *+D!
,[[%$%CGD! C)^D! )+DC)+%$C+D! Q(-)! <\+,->! J,! *+$D%CG! G$+)NGC%T-+! CFG()%T-+! *+D! YG(<%C+D/!S%$G),-.!
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3GNG$G),C%($! E)%.! ;(.%=%CG! AC,I%<%CG!e!
<($N!C+)S+!
! Z0Y0[* ! ! ! ! !
l+<!*+!D%<%=+! :>9:7:>94! mm! mmm! m! m! mmm!
nG(<%C+D! :>1:7:>94! mmm! mmm! m! m! mmm!
B<-S%$(7!
QF(DQ,C+D!
:>"47:>49! mm! mm! mm! m! m!
A%<%=+D!
SGD(Q()+-D+D!
:>947:>k9! mm! m! mm! m! m!
B)N%<+D! :>147:>9k! mmm! m! m! m! m!
?",8G"A*)*T*:>K4-K9"8G'*-">"-@U>K'@K;AG'*JG'*$"@U>K"AL*"J'7>,"4@'*"''7-KU'*Q*8\G"A*V]W*
3. Modélisation bidimensionnelle de l'adsorbeur 
J+D! DXDC^S+D! e! D()QC%($! D($C! =(SQ(DGD! *\-$! ,*D()I+-)/! *\-$! G&,Q(),C+-)! +C! *\-$!
=($*+$D+-)>!J+D!*+-.!*+)$%+)D!GC,$C!*+D!G=F,$N+-)D!*%QF,D%T-+D!=<,DD%T-+D!!<,)N+S+$C!GC-*%GD!
*,$D! <,! <%CCG),C-)+/! $(-D! $(-D! D(SS+D! [(=,<%DGD! D-)! <,! S(*G<%D,C%($! I%*%S+$D%($$+<<+! *-!
DC(=W,N+!*+!<\G$+)N%+!*,$D!<\,*D()I+-)/!G<GS+$C!=<G!=,)!=($C+$,$C!<+!S%<%+-!Q()+-.>!!
3.1. Description du problème physique 
J\,*D()I+-)!GC-*%G!+DC!=<,DD%T-+/!*+!$(SI)+-.!,-C+-)D!($C!C),%CG!<+!SoS+!CXQ+!*+!DXDC^S+D!
c_d>!0<!+DC!=($DC%C-G!*\-$![<-%*+!=,<(Q()C+-)!T-%!=%)=-<+!*,$D!-$!C-I+!SGC,<<%T-+!+$C(-)G!Q,)!-$!
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!3.2. Hypothèses 
J,! [()S-<,C%($!S,CFGS,C%T-+!*-!Q)(I<^S+!QFXD%T-+! G$($=G! )+Q(D+! D-)! <+D! =($*%C%($D! +C!
FXQ(CF^D+D!D-%&,$C+D!R! *\-$+! Q,)C/! <+D! N),%$D! *\,*D()I,$C! ($C! *+D! Q)(Q)%GCGD! %*+$C%T-+D! +C! D($C! *%DC)%I-GD!










A 9  7 ! P1V! <,!*%DQ+)D%($!*+!S,DD+!*+!<,!QF,D+!N,Y+-D+!+DC!$GN<%NG+/!! <+D!Q)(Q)%GCGD!*+!C),$D[+)CD!CF+)S%T-+D!*,$D!<+![<-%*+!,%$D%!T-+!*,$D!<+!C-I+/!<+D!=(+[[%=%+$CD!
*\G=F,$N+! *+! =F,<+-)! +$C)+! <+D! =(SQ(D,$CD/! <,! =F,<+-)! *\,*D()QC%($! +C! <,! &%D=(D%CG! D($C!
D-QQ(DGD!=($DC,$CD/! <+! SGC,<! +DC! =($D%*G)G! =(SS+! -$+! )GD%DC,$=+! CF+)S%T-+! P)GN%S+! GC,I<%! *,$D! <+! C-I+!
SGC,<<%T-+V!+C!<+![<-%*+!D-%C!-$!G=(-<+S+$C!*+!E(%D+-%<<+>! !
3.3. Equations de conservation 
J+D! C),$D[+)CD! =(-Q<GD! *+! =F,<+-)! +C! *+! S,DD+! D-)&+$,$C! ,-! D+%$! *+! <\,*D()I+-)! ($C! GCG!
GC-*%GD!Q(-)!*G&+<(QQ+)!-$!S(*^<+!D\%$DQ%),$C!*+D!C),&,-.!*+!A-$!+C!,<>!cM/kd>!J+D!G&(<-C%($D!
DQ,C%(7C+SQ()+<<+D! *+D! &,)%,I<+D! *\GC,C! D($C! D%S-<G+D! Q+)S+CC,$C! ,%$D%! <\,$,<XD+! *+! D($!
=(SQ()C+S+$C! *X$,S%T-+>! J+!S(*^<+! I%*%S+$D%($$+<! C),$D%C(%)+! )G,<%DG! ,! Q(-)! &,)%,I<+D! <,!
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 ! !!!!!!!!!!P8V!!
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! <\GT-,C%($!*+!=($D+)&,C%($!*+!<\G$+)N%+!*,$D!<\,*D()I,$C/!     >02 ? ;A- ? ? + _
@ @






!   :/ /:? > D ?   /:/ /"/
:
? > @ ? > @
D D





K+! Q<-D/! ! =($[()SGS+$C! ,-.! FXQ(CF^D+D/! %<! $\X! ,! Q,D! *\,==-S-<,C%($! *\G$+)N%+! *,$D! <+!
SGC,</! <,! =($*%C%($! *+! ),==()*+S+$C! *-! [<-.! +$C)+! <\%$C+)[,=+! [<-%*+pSGC,<! +C! =+<<+!
SGC,<p,*D()I,$C!D\+.Q)%S+!*($=!R!!
!              " " 1 " 11" " 1 1 " 1/ / / /" "!+C!<$ <$# # #$ $#? = D @ ? = ? = ? = ? =? = D @> = = = > = = =  2  2 2 2 ! P_V!
3.4. Isotherme d'adsorption 
J,!=%$GC%T-+!*\,*D()QC%($!*\-$!N,Y!Q,)!-$!D(<%*+!Q()+-.!](-+!-$!)q<+!Q)GQ($*G),$C!*,$D!<+!
[($=C%($$+S+$C!*\-$!DXDC^S+!*+!DC(=W,N+!e!,*D()QC%($>!J+!S(*^<+!=%$GC%T-+!GC-*%G!D\,QQ-%+!!
D-)!<+!S(*^<+!NG$G),<%DG!*+!J,$NS-%)!e!8!=(-=F+D!c9d!R! ! !  !G; ; ;
@
(2  2 !!
e!<\GT-%<%I)+/!
! ! G GG
; ;; 9 ?
; ;
@ 9 @ ? @







/" " /1 1 /8 8
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G
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;
, 9 , 9 , 9
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<,! S%=)(D+=($*+>! B%$D%/! $(-D! Q(-&($D! =($D%*G)+)! T-+! <+! DXDC^S+! GC-*%G! +DC! e! <\GT-%<%I)+!
CF+)S(*X$,S%T-+!e!C(-C!%$DC,$C>!
3.5. Résultats numériques 
J+!D=FGS,!*+!)GD(<-C%($!D\,QQ-%+!D-)!-$+!SGCF(*+!*\()*)+!9!I,DG+!D-)!-$!D=FGS,!=(SQ,=C!
=+$C)G/!Q)G=%D!+C!DC,I<+!c5d>!J+!DXDC^S+!+DC!*%D=)GC%DG!+$!"::!S,%<<+D!<($N%C-*%$,<+D/!1:!S,%<<+D!
),*%,<+D! *,$D! <+! [<-%*+! +C! 1:! *,$D! <\,*D()I,$C>! B%$D%/! 1:::! GT-,C%($D! D($C! e! )GD(-*)+! Q(-)!
=F,T-+! &,)%,I<+/! D(%C! -$! DXDC^S+! *+! _:::! GT-,C%($D! ,-! C(C,<>! #$+! D(<<%=%C,C%($! PG=F+<($! *+!









<+D! Q(%*D! )+<,C%[D! *+D! *%[[G)+$CD! SG=,$%DS+D! *+! C),$D[+)C! *+! S,DD+! +C! *+! =F,<+-)! ($C! GCG!
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!),%D($$,I<+S+$C! Q,D! *+! Q(-&(%)! D%SQ<%[%+)! QFXD%T-+S+$C! <+D! GT-,C%($D/! *\(s! <\,QQ<%=,C%($!
*\-$+!SGCF(*+!*+!)G*-=C%($>!
4. Décomposition orthogonale aux valeurs Propres 
J,! E`K! +DC! ,QQ<%T-G+! e! $(C)+!S(*^<+! ,[%$! *f,QQ)(.%S+)! <+! DXDC^S+! =)GG! *+! *%S+$D%($!
G<+&G+! $G=+DD%C,$C! -$+! %$CGN),C%($! C+SQ()+<<+! Q,)! -$! ,-C)+! DXDC^S+! *+! *%S+$D%($! $+CC+S+$C!
Q<-D! [,%I<+! c""d>!L<<+!$(-D!Q+)S+C!*($=!*+!*GC+)S%$+)! D%! <+!S(*^<+!+DC! [()C+S+$C! )G*-=C%I<+!
,[%$!*\G&%C+)!<+D!C+SQD!*+!=,<=-<D!Q)(F%I%C%[D>!!
J,! E`K! =($D%DC+! e! =($D%*G)+)! <+D! &,)%,I<+D! =(SS+! -$+! =(SI%$,%D($! <%$G,%)+! *+!S(*+D!
Q)(Q)+D!C!+C!*+!=(+[[%=%+$CD!C+SQ()+<D!"!C(-C!+$!=($D+)&,$C!<+D!=,),=CG)%DC%T-+D!+C!<+!=(-Q<,N+!
*-!S(*^<+!R!
!          
"




> D @ ? > D @ ? > D C > D " @  : ! PkV!
?+CC+!*G=(SQ(D%C%($!+DC!(IC+$-+!e!Q,)C%)!*f-$!+$D+SI<+!*+!*($$G+D!Q)(&+$,$C!D+<($!<+!=,D!
*+!D%S-<,C%($D!$-SG)%T-+D!(-!*f+.QG)%+$=+D>!J+D!S(*+D!Q)(Q)+D!*G[%$%DD+$C!,<()D!-$+!I,D+!*+!
Q)(]+=C%($!()CF(N($,<+! )+Q)GD+$C,C%&+!*+D! )G,<%D,C%($D! <+D!Q<-D!Q)(I,I<+D!+C!(QC%S,<+!,-!D+$D!
G$+)NGC%T-+! c"1d>! #$! [,%I<+! $(SI)+! *+!S(*+D! +DC! ,<()D! D-[[%D,$C! Q(-)! *G=)%)+! =())+=C+S+$C!
<\G&(<-C%($! *X$,S%T-+! *-! DXDC^S+>!B[%$! *+! *GC+)S%$+)! =+! $(SI)+! W! *+!S(*+D! e! =($D+)&+)!
$(-D!,&($D!=($D%*G)G!Q<-D%+-)D!=)%C^)+D!R!! J\G$+)N%+!DC,C%DC%T-+!,-!D+$D!*+!<,!E`K/!G$+)N%+!=-S-<G+!LW!*+D!S(*+D!=($D+)&GD/!*(%C!oC)+!
D-QG)%+-)+!e!55b!+C!<,!*+)$%^)+!&,<+-)!Q)(Q)+!PV!=($D+)&G+!*(%C!oC)+!%$[G)%+-)+!,-!=+$C%^S+!













 :: ! P5V!
2(*+D! LW!P;[V! !P;[V! LW!P;V! !P;[V! LW!PQV! !PQV!
"! 5M/1:51! "/kk8>":7_! 5k/k"MM! 1/"5M>":74! kk/1:44! 5/M"_>":79!
1! 55/4M91! :/:9_>":7_! 55/4k:4! :/:"M>":74! 55/:_9k! "/"5_>":79!
8! 55/k918! :/::4>":7_! 55/k4_5! :/::_>":74! 55/M98M! :/:M4>":79!
9! 55/5_8:! :/::1>":7_! 55/549:! :/::1>":74! 55/51MM! :/:1:>":79!
4! 55/55k4! t!":7k! 55/5M85! t!":7k! 55/5M""! :/::4>":79!
?",8G"A*%*T*34G>0KG*-A$A8UG*G@*B"8GA>'*9>79>G'*'G874*8G'*$7JG'! J,!)+=($DC)-=C%($!*+D!&,)%,I<+D!e!Q,)C%)!*+!<,!=(SI%$,%D($!<%$G,%)+!*+!S(*+D!Q)(Q)+D!+C!*+!
=(+[[%=%+$CD!C+SQ()+<D!+DC!=(SQ,)G+!,-.!&,)%,I<+D!)G+<<+D!Q(-)!<,!C+SQG),C-)+!+C!<,!Q)+DD%($!
*,$D! <\,*D()I,$C!N)a=+!,-!=,<=-<!*+! <\G=,)C7CXQ+!+$C)+! <+D!&,)%,I<+D! )G+<<+D!+C! )+=($DC)-%C+D!
*,$D!<\,*D()I,$C>!!
!
   1 11 1
!+C!
1 1
  EE EEEE EE:MN :MN9 ?9 9 >J>JD ? ? >J>JDG G>J>JD >J>JD! !! ! ! P":V!
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!J,![%N-)+!8!S($C)+!T-+!8!S(*+D!D+SI<+$C!D-[[%D,$CD!Q(-)!)+=($DC)-%)+!<,!C+SQG),C-)+!*,$D!
<\,*D()I,$C>! L$! +[[+C/! <,! C+SQG),C-)+! GC,$C! =(SQ)%D+! +$C)+! %b<* 1! +C! ab<* 1/! <\G=,)C7CXQ+!
(IC+$-!+$C)+!<+D!C+SQG),C-)+D!)G+<<+!+C!)+=($DC)-%C+!+DC![,%I<+>!E,)!=($C)+/!<,!Q)+DD%($!%$%C%,<+!
+DC!cO* :"/! ($! Q+-C! *($=! *G*-%)+! *+! <,! [%N-)+! 9! T-+! 4!S(*+D! D+SI<+$C! $G=+DD,%)+D! Q(-)!
)+=($DC)-%)+!Q)G=%DGS+$C!<,!Q)+DD%($!*,$D!<\,*D()I,$C>!
SK0A>G*<*T*U-">@(@F9G**G?* SK0A>G*a*T*U-">@(@F9G**G9*
! K,$D! <+! =,*)+! *+! $(C)+! GC-*+/! <\G$+)N%+! DC(=WG+! +DC! <,! N),$*+-)! T-%! %SQ()C+>! B-.! C)(%D!
=)%C^)+D! Q)G=G*+$CD! =<,DD%T-+S+$C! -C%<%DGD! ,&+=! <,! E`K/! $(-D! ,](-C($D! *($=! =+! =)%C^)+!













)+=($DC)-=C%($! *+! <\G$+)N%+! DC(=WG+>! E,)! =($DGT-+$C/! Q(-)! T-+! <,! )+=($DC)-=C%($! D(%C!














*G=)%)+! <+! =(SQ()C+S+$C! *X$,S%T-+! *+! <\,*D()I+-)! GC-*%G>! @(-D! +$&%D,N+($D! e! Q)GD+$C! *+!
)G*-%)+! <+! S(*^<+! ,[%$! *\+$! [,=%<%C+)! <,! D%S-<,C%($! +C! *\-C%<%D+)! <,! E`K! =(SS+! SGCF(*+!
*\,$,<XD+! QFXD%T-+! *+D! *($$G+D! Q(-)! )G,<%D+)! -$+! GC-*+! ,QQ)([($*%+! *+D! *%[[G)+$CD!
SG=,$%DS+D!*+!C),$D[+)CD!=(-Q<GD!*+!=F,<+-)!+C!*+!S,DD+>!
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